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Abstract: Nanoparticles derived from plants known for their high content of flavonoids provide a biologically
inspired route to design therapeutic agents and a means of reducing metal nanoparticle toxicity. Little is
currently known on the anti-neurotoxicity of Salvia officinalis L. extracts and their corresponding
nanoparticles. In the present study, anti-neurotoxic stress activity of S. officinalis extract obtained from aerial
parts (leaves) and nanoparticles derived from these extract were investigated against Methylmercury (MeHg).
Ten groups of rats were treated with different concentrations of extracts (125 mg/kg bw of non-nanoparticles
of S. officinalis, SO; 25, 50 and 125 mg/kg bw of SO nanoparticles, SON) and/or MeHg (10 mg/kg bw) for 8
weeks to determine their anti-neurotoxic effect. After the last injection, rats were sacrificed and brain capsule
were collected on ice bath and the cortex were separated in order to investigate the apoptosis, reactive oxygen
species (ROS), expression alteration of glutamate transporters (GLAST, GLT-1, SNAT3 and ASCT2 mRNA),
DNA fragmentation, 8-OHdG levels and glutathione peroxidase (GPx) activity. The preset study found that the
neurotoxic stress of MeHg was markedly inhibited with SO extracts especially with SO nanoparticles. Treatment
of male rats with SON50+MeHg decreased significantly the apoptosis rate, ROS production, DNA fragmentation
and 8-OHdG levels as well as increased the expression of GLAST, GLT-1, SNAT3, ASCT2 mRNA and GPx
activity in the cerebral cortex. The biosynthesized nanoparticles may be further characterized to better evaluate
their anti-neurotoxicity potential against other neurotoxic agents.
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INTRODUCTION elucidated, likely reflecting upon its multifaceted

Methylmercury (MeHg) is recognized as a global The situation of imbalance between the generation
environmental pollutant. Its primary target organ is the and the elimination of reactive oxygen species (ROS)
central nervous system (CNS). MeHg disrupts multiple named oxidative stress, which is characterized by
biochemical and physiological processes [1]. In humans, oxidizing biological macromolecules including lipoid,
MeHg damages the visual cortex and interferes with cellular protein and nucleic acid [3]. There is growing
somatosensory processing. Signs of intoxication include evidence indicated that oxidative stress plays a critical
the constriction of the visual field,  hearing  loss,  sensory role  in  the  pathogenesis  of  MeHg  neurotoxicity  both
impairment of the extremities, muscle weakness, tremors in vivo and in vitro [9]. 
and mental deterioration [2]. Several mechanisms have Glutathione (GSH) is the major non-enzymatic
been proposed for MeHg-induced neurotoxicity, such as antioxidant that scavenges ROS and inhibits oxidative
the induction of oxidative stress [3], disruption of stress. GSH also has a vital role for modulating MeHg
neurotrophic signaling [4], disruption of intracellular toxicity by conjugation and efflux of MeHg. In brain,
calcium homeostasis [5] and alterations in neurons cannot directly acquire GSH from extracellular
neurotransmitter systems [6]. Nevertheless, the precise space. Consumed GSH is resynthesized with L-glutamate,
nature of MeHg-induced neurotoxicity remains to be fully L-cysteine and glycine. The glutamate moiety as

disruptive cellular mechanisms [7, 8].
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precursors for neuronal GSH synthesis is provided by applications. Nanoparticles offer a non-toxic and efficient
astrocyte glutamate transporters  (GluTs)  and  system carrier system for targeted-delivery and enhanced drug
Xc- (cystine-glutamate exchanger) [10]. Therefore, it has bioavailability within the cells, tissues, or both. An effort
been hypothesized that GluTs might act protective effects has been made in the present study to explore one of the
on antioxidant defense to MeHg neurotoxicity [11]. modern ways of pharmaceutical interventions to formulate

Glutamate/aspartate transporter (GLAST) and nanoencapsulation of the leaves extract of SO. 
glutamate   transporter-1  (GLT-1),  high-affinity  GluTs, Because nano-encapsulated drugs appear to have
are responsible for clearing extracellular glutamate [12]. greater advantages due to their: (1) Small size; (2) more
Recently, it is shown that the functions of these rapid entry into target cells; (3) biodegradable nature; (4)
transporters maintain neuronal, astrocyte, microglia, ability to render greater bioavailability of the drug; (5)
macrophage  and nonneural cells antioxidant defenses lesser amount of drug requirement; and (6) ability to cross
[13-15]. Glu efflux from astrocytes appears to be mediated the blood-brain-barrier, etc. Therefore, our study aimed to
by sodium-coupled neutral amino acid transporter 3 evaluate the relative anti-neurotoxic efficacy of SO
(SNAT3, SN1), a system N amino acid transporter that is nanoparticles (SON) in regard to the reference non-
localized to perisynaptic astrocytes and specifically nanoparticle form of SO (SO alone) as protective agents
accepts only glutamine, histidine and asparagine [16]. against MeHg induced neurotoxicity in male rats. 
Another notable sodium-dependent, glutamine-accepting
amino acid transporter in the CNS is ASCT2, which MATERIALS AND METHODS
operates in an exchange mode [17].

In recent years, instead of traditional medicine Drugs and Reagents: Methylmercury (MeHg, 99.9%
therapy a considerable attention has been devoted to purity) was purchased from Sigma (St. Louis, MO, USA).
medicinal  plants  particularly  rich  in  polyphenols, Trizol was bought from Invitrogen (Carlsbad, CA, USA).
mainly flavonoids and phenolic acids, which exhibit The reverse transcription and PCR kits were obtained from
antioxidant properties due to their hydrogen-donating and Fermentas (Glen Burnie, MD, USA). SYBR Green Mix was
metal-chelating capacities as potential chemopreventive purchased from Stratagene (La Jolla, CA, USA). 
agents [18]. The phenolic compounds have demonstrated
protective effects against deleterious effects of genotoxic Plant Collection and Extraction: The leaves of salvia
carcinogens by scavenging ROS and enhancing host (Salvia officinalis, SO) were collected from a local market
antioxidant defense systems [19]. It is known that many in Cairo Governorate, Egypt. The plants were identified by
plant infusions have a large number of these molecules Department of Therapeutical Chemistry, Pharmaceutical
[20] and, hence, it is reasonable to investigate whether and Drug Industries Division, National Research, Center,
plants have the capacity to prevent the genotoxic potency Giza, Egypt.
of specific mutagens or carcinogens that are known to A 500 g of the shade-dried powdered leaves of SO
generate free radicals in nontumor cells both in vivo and were extracted separately with 70% ethanol by maceration
in vitro. and percolation for 24 hr. The process of extraction was

Salvia officinalis L. one of the widest-spread repeated twice. The alcohol extract of each plant was
members of the family Lamiaceae, has been used as a pooled together and evaporated under reduced pressure
traditional herbal medicine against a variety of diseases at 45°C till free from solvent. The alcohol free residue of
[21]. The plant is reported to have multiple each extract was weighted to give 9.66 g of salvia.
pharmacological effects, including antibacterial [22], Preliminary phytochemical tests were carried out to
antiviral [23], anti-inflammatory [24], hypoglycemic [25], identify the main constituents of each extract [33]. 
fungistatic [26], antimutagenic [27], anticancer [28] and
antioxidative [29] effects. The leaves of S. officinalis Formation of SO Loaded Nanoparticles (SON): To
possess some therapeutic effects due to the presence of prepare the poly-lactic-co-glycolic acid (PLGA)
mainly flavonoids; phenolic compounds such as carnosic, encapsulation of SO, solvent displacement technique of
rosmarinic, caffeic and salvianolic acids; and other Samadder et al. [34] deployed under optimal conditions.
phenolic structure-based compounds especially found in To 20 mL of an aqueous solution of F68; w/v stabilizer
alcohol-soluble fraction [30]. (1% polyoxyethylene-polyoxypropylene), an organic

Nowadays, nanotechnology has been used in phase mixture containing 10 mg of dried SO dissolved in
medicine as a basic science tool [31,32] in therapeutic 3  mL  acetone  along  with  50  mg  PLGA  in  a  dropwise
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manner (0.5 mL/min) was added. Stirring the mixture Annexin V/PI apoptosis detection kit. The single-cell
continuously was performed at room temperature until suspension (1×10  cells/mL) was suspended in 200 µL ice-
complete evaporation of the organic solvent; the cold binding buffer and then 10 µL horseradish peroxidase
redundant stabilizer was removed by centrifugation at FITC labeled Annexin V and 5 µL propidium iodide (PI)
2500 g at 4°C for 30 minutes. The pellet was re-suspended were added. The cell suspension was incubated in
in Milli-Q water and washed three times and the darkness at room temperature for 15 min. Apoptosis rate
nanoparticles obtained were stored in suspensions at 4°C was determined by flow cytometer. In this study, both
until further use. FITC and PI negative cells were considered as normal

Experimental Animals: Hundred adult albino male rats defined as early apoptotic cells, while both FITC and PI
(100-120 g, purchased from the Animal House Colony, positive cells were considered as late apoptotic or
Giza, Egypt) were maintained on standard laboratory diet necrosis cells.
(protein, 16.04%; fat, 3.63%; fiber, 4.1%; and metabolic
energy, 0.012 MJ) and water ad libitum at the Animal Determination of ROS Formation: Intracellular ROS
House Laboratory, National Research Center, Dokki, Giza, generation was measured in cortex tissues by a flow
Egypt. After an acclimation period of 1 week, animals were cytometer with an oxidation-sensitive DCFH-DA
divided into groups (10 mice/ group) and housed fluorescent probe, after single-cell suspensions were
individually in filter-top polycarbonate cages, housed in made. DCFH-DA is a non-fluorescent compound that is
a temperature-controlled (23±1°C) and artificially freely taken up into cells. DCFH is oxidized to fluorescent
illuminated (12 h dark/light cycle) room free from any dichlorofluorescein (DCF) by the action of cellular
source of chemical contamination. All animals received oxidants. The suspension was loaded by DCFH-DA
human care in compliance with the guidelines of the solution with a final concentration of 50 µM and was
Animal Care and Use Committee of National Research incubated for 30 min at 37°C. Then samples were
Center, Egypt. centrifuged  at  1000  rpm  for  5  min  (4°C)  and    cells

Experimental Design:  The   male  rats  were  randomly (PBS, pH 7.2-7.4). The fluorescence was detected by flow
allocated in 10 groups (n = 10 per group) and treated for cytometer (with excitation 488nm and emission 525 nm).
8 week as follows: Group 1, control group: animals were For each treatment, 1 × 10  cells were counted and the
treated intragastrically with solvent vehicle control (NaCl). experiment was performed in triplicate.
Group 2, animals were treated intraperitoneal (i.p.)
injection of MeHg (10 mg/kg bw) [35]. Group 3, animals Gene Expression Analysis
were treated intragastrically with 125 mg/kg bw of SO [36]. Isolation of Total RNA: TRIzol® Reagent was used to
Groups 4-6, animals were treated intragastrically with 25, extract total RNA from cortex tissues of male rats
50 and 125 mg/kg bw of SON, respectively. Groups 7-10, according to the manufacturer’s instructions with minor
animals were treated similar to those in groups 3-6 plus modifications. Briefly, tissue samples (50 mg) were
MeHg (10 mg/kg bw, respectively). homogenized in 1 ml of TRIzol® Reagent. Afterwards, the

Tissue Collection: At 24 h after the last injection, rats in temperature. A volume of 0.2 ml of chloroform per 1 ml of
each group were sacrificed by decapitation after TRIzol® Reagent was added. Then, the samples were
anesthetized. The brain capsule were collected on ice bath vortexed vigorously for 15 seconds and incubated at room
and the cortex were separated in order to investigate the temperature for 3 min. The samples were centrifuged for
apoptosis, ROS, total RNA (for the determination GLAST, no more than 12 000 g for 15 min at 4°C. Following
GLT-1, SNAT3, ASCT2 mRNA), DNA (for determination centrifugation, the mixture was separated into lower red,
DNA fragmentation and 8-OHdG levels) and GPx activity. phenol-chloroform phase, an interphase and a colorless

Apoptosis Assay: The tissue of cortex (100 mg per sample) the aqueous phase. Therefore, the upper aqueous phase
was made into single-cell suspensions according to was carefully transferred without disturbing the
method of Villalba et al. [37]. Cells apoptosis was interphase into a fresh tube. The RNA was precipitated
determined by flow cytometry (FCM) assay using from  the aqueous phase by mixing with isopropyl alcohol.

6

cells. FITC-single positive and PI negative cells were

were resuspended   with   phosphate   buffered     saline

5

homogenized sample was incubated for 15 min at room

upper aqueous phase. RNA was remained exclusively in
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A  volume  of  0.5  ml  of  isopropyl  alcohol  was  added
per 1 ml of TRIzol® Reagent used for the initial
homogenization. Afterwards, the samples were incubated
at 15 to 30°C for 10 min and centrifuged at not more than
12,000 x g for 10 min at 4°C. The RNA was precipitated
which was  often invisible before centrifugation, formed
a gel-like  pellet  on  the  side  and  bottom of the tube.
The supernatant was removed completely. The RNA
pellet  was  washed  once  with  1  ml  of  75%   ethanol.
The samples were mixed by vortexing and centrifuged at
no more than 7500 g for 5 min at 4°C. The supernatant was
removed and RNA pellet was air-dried for 10 min. RNA
was dissolved in diethylpyrocarbonate (DEPC)-treated
water by passing solution a few times through a pipette
tip.

Isolated total RNA was treated with one unit of RQ1
RNAse-free DNAse (Invitrogen, Germany) to digest DNA
residues, re-suspended in DEPC-treated water and
quantified photospectrometrically at 260 nm. Purity of
total RNA was assessed by the 260/280 nm ratio which
was between 1.8 and 2.1. Aliquots were used immediately
for reverse transcription (RT), otherwise they were stored
at -80°C.

Reverse Transcription (RT) Reaction: Complete Poly(A)+

RNA isolated from cortex tissues was reverse transcribed
into cDNA in a total volume of 20 µl using RevertAidTM

First Strand cDNA Synthesis Kit (Fermentas, Germany).
An amount of total RNA (5 µg) was used with a master
mix. The master mix was consisted of 50 mM MgCl , 10x2

RT buffer (50 mM KCl; 10 mM Tris-HCl; pH 8.3), 10 mM of
each dNTP, 50 µM oligo-dT primer, 20 IU ribonuclease
inhibitor  (50 kDa recombinant enzyme to inhibit RNase
activity) and 50 IU MuLV reverse transcriptase. The
mixture of each sample was centrifuged for 30 sec at 1000
g and transferred to the thermocycler. The RT reaction
was carried out at 25°C for 10 min, followed by 1 h at 42°C
and finished with a denaturation step at 99°C for 5 min.
Afterwards the reaction tubes containing RT preparations
were  flash-cooled  in  an  ice  chamber until being used
for  cDNA   amplification   through  quantitative  Real
Time- polymerase chain reaction (qRT-PCR). 

Real Time- PCR (qPCR): QIAGEN's real-time PCR cycler
(Rotor-Gene Q, USA) was used to determine the cortex
cDNA copy number. PCR reactions were set up in 25 µL
reaction mixtures containing 12.5 µL 1× SYBR  Premix Ex®

TaqTM (TaKaRa, Biotech. Co. Ltd.), 0.5 µL 0.2 µM sense
primer, 0.5 µL 0.2 µM antisense primer, 6.5 µL distilled
water and 5 µL of cDNA template. The reaction  program

Table 1: Primer sequences used for qPCR
Gene Primer sequence (5´-3´) Referencesa

GLAST GGGTTTTCATTGGAGGGTTGC Deng et al. [11]
CCACGGGTTTCTCTGGTTCAT

GLT-1 GGGTCATCCTGGATGGAGGT Deng et al. [11]
CGTGTCGTCATAAACGGACTG

SNAT3 AACATCGGAGCCATGTCCAG GenBank :
AAGGTGAGGTAGCCGAAGAG NM006841

ASCT2 AACATCGGAGCCATGTCCAG GenBank :
AAGGTGAGGTAGCCGAAGAG BC080242

-actin GGAGATTACTGCCCTGGCTCCTA Deng et al. [11]
GACTCATCGTACTCCTGCTGCTG

F: forward primer; R: reverse primer. Tm: melting temperature a

was allocated to 3 steps. First step was at 95.0°C for 3 min.
Second step consisted of 40 cycles in which each cycle
divided to 3 steps: (a) at 95.0°C for 15 sec; (b) at 55.0°C for
30 sec; and (c) at 72.0°C for 30 sec. The third step
consisted of 71 cycles which started at 60.0°C and then
increased about 0.5°C every 10 sec up to 95.0°C. At the
end of each sqRT-PCR a melting curve analysis was
performed at 95.0°C to check the quality of the used
primers. Each experiment included a distilled water control.
The sequences of specific primer of the genes used are
listed in Table 1.

At the end of each qPCR a melting curve analysis
was performed at 95.0°C to check the quality of the used
primers.

Calculation of Gene Expression: First the amplification
efficiency (Ef) was calculated from the slope of the
standard curve using the following formula found in the
manufacturer’s instruction pamphlet:

Ef = 10 1/slope

Efficiency (%) = (Ef - 1) x 100

The relative quantification of the target to the
reference was determined by using the 2  method if Ef- CT

for the target (GLAST, GLT-1, SNAT3 and ASCT2) and
the reference primers ( -Actin) as follows: 

C = C - C ,T(test) T(target, test) T(reference, test)

CT(calibrator) = C - C ,T(target, calibrator) T(reference, calibrator)

CT = C - C .T(Test) T(calibrator)

The relative expression was calculated by 2 .- CT

DNA Fragmentation Analysis: Apoptotic DNA
fragmentation was qualitatively analyzed by detecting the
laddering  pattern of nuclear DNA as described according
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to Lu et al. [38]. Briefly, cortex tissues were homogenized, Determination of Gutathione Peroxidase (GPx) Activity:
washed in PBS and lysed in 0.5 ml of DNA extraction Glutathione peroxidase activity measurements were
buffer (50 mM Tris-HCl, 10 mM EDTA. 0.5% Triton and carried out by a procedure of Miranda et al. [40]. The
100 µg/ml proteinase K, pH 8.0) for overnight  at  37°C. reaction mixture consisted of 8 mM H O , 40 mM guaiacol,
The lysate was then incubated with 100  µg/ml  DNase 50 mM sodium acetate buffer, pH 5.5 and a suitable
free RNase for 2h at 37°C, followed by  three extractions amount of the enzyme preparation. The change in
of an equal volume of phenol/chloroform (1:1 v/v) and a absorbance at 470 nm due to guaiacol oxidation was
subsequent re-extraction with chloroform by centrifuging followed at 30 s intervals. One unit of GPx activity was
at 15,000 rpm for 5 min at 4°C. The extracted DNA was defined as the amount of enzyme which increases the O.D.
precipitated in two volume of ice-cold 100% ethanol with 1.0/min under standard assay conditions.
1/10 volume of 3 M sodium acetate, pH 5.2 at -20°C for 1
h, followed by centrifuging at 15,000 rpm for 15 min at 4°C. Statistical  Analysis:  All  results  were expressed as
After  washing  with  70%  ethanol, the DNA pellet was mean ± SE of the mean. Data were analyzed by one way
air-dried and dissolved in 10 mM Tris-HCl/1 mM EDTA, analysis of variance (ANOVA) using the Statistical
pH 8.0. The DNA was then electrophoresed on 1.5% Package for the Social Sciences (SPSS) program, version
agarose  gel   and  stained  with  ethidium  bromide in 11 followed by least significant difference (LSD) to
Tris-acetate/EDTA  buffer (TAE) (pH 8.5, 2 mM EDTA compare significance between groups. Difference was
and 40 mM Tris-acetate). A 100-bp DNA ladder considered significant when P > 0.05.
(Invitrogen, USA) was included as a molecular size marker
and DNA fragments were visualized and photographed by RESULTS
exposing the gels to ultraviolet transillumination.

HPLC  Measurement  of  8-Hydroxy-2-deoxyguanosine on the apoptosis in cortex tissues of male rats and to
(8-OHdG) and 2-deoxyguanosine (2-dG): DNA was clarify the preventive effect of SO extracts, apoptosis
extracted from cortex tissues by homogenization in buffer assay was carried out. The results revealed that MeHg
containing 1% sodium dodecyl sulfate, 10 mM Tris, 1 mM increased apoptosis rates 838.5 % as compared to the
EDTA (pH 7.4) and an overnight incubation in 0.5 mg/mL normal control. On the other hand, less apoptosis cells
proteinase K at 55°C. Homogenates were incubated with were found in SO extract (180.8%) or in several doses of
RNase (0.1 mg/mL) at 50°C for 10 min and extracted with SON (92.3, 113.3 and 157.7% in SON25, SON50 and
chloroform/isoamyl alcohol. The extracts were mixed with SON125, respectively) compared with control rats (Fig. 1).
3 M sodium acetate and two volumes of 100% ethanol to Moreover, the results showed that SO extracts reduced
precipitate DNA at -20°C. The samples were washed twice the apoptosis rates induced by MeHg exposure, where,
with 70% ethanol, air-dried for 15 min and  dissolved  in the apoptosis rates declined to 359.6, 409.6, 253.8 and
100 µL of 10 mM Tris/1 mM EDTA (pH 7.4). DNA 286.5% in rats treated with SO+MeHg, SON25+MeHg,
digestion was performed as previously described [39]. SON50+MeHg and SON125+MeHg, respectively (Fig. 1).
The adduct 8-OHdG was measured with high-performance
liquid chromatography (HPLC) equipped with a CoulArray Effects of SO Extracts on Oxidative Stress after MeHg
system (Model 5600). Analytes were detected on two Exposure: Effect of MeHg on intracellular ROS changes
coulometric array modules, each containing four and the preventive effects of SO and SON is summarized
electrochemical sensors attached in series, which allows in Figure 2. We have found that there were no significant
identification targets based on reduction potential. UV differences of ROS between control and SO or SON
detection was set to 260 nm. HPLC was controlled and the treatments. However, MeHg increased intracellular ROS
data acquired and analyzed using CoulArray software. levels by 474.4% compared to the control group. On the
The mobile phase was composed of 50 mM sodium other hand, SO or SON extracts reduced significantly the
acetate/5% methanol at pH 5.2. Electrochemical detector production of intracellular ROS induced by MeHg
potentials for 8-OHdG and 2-dG were 120/ compared to MeHg exposure alone. It was found that
230/280/420/600/750/840/900 mV and the flow rate was 1 SON extract was more effectively to reduce the
mL/ min. intracellular  ROS production than SO extract. In addition,

2 2

Apoptosis induced by MeHg: To confirm MeHg exposure
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Fig. 1: Alterations of cortex tissues apoptosis after MeHg Fig. 4: The alteration of GLT-1 mRNA in cerebral cortex
exposure and/or SO extracts. Data are presented as after MeHg exposure and/or SO extracts. Data are
mean ± SEM. Values marked with an asterisk (*) presented as mean ± SEM. Values marked with an
are significantly different (P < 0.05), (**) are asterisk (*) are significantly different (P < 0.05),
significantly different (P < 0.01) compared to (**) are significantly different (P < 0.01) compared
control values. to control values.

Fig. 2: The changes of intracellular ROS levels in cerebral Fig 5: The alteration of SNAT3 mRNA in cerebral cortex
cortex after MeHg exposure and/or SO extracts. after MeHg exposure and/or SO extracts. Data are
Data are presented as mean ± SEM. Values marked presented as mean ± SEM. Values marked with an asterisk
with an asterisk (*) are significantly different (P < (*) are significantly different (P < 0.05), (**) are
0.05), (**) are significantly different (P < 0.01) significantly different (P < 0.01) compared to control
compared to control values. values.

Fig. 3: The alteration of GLAST mRNA in cerebral cortex expressions elevated similar expression values to control
after MeHg exposure and/or SO extracts. Data are group (Figure 3-6).
presented as mean ± SEM. Values marked with an However, MeHg exposure decreased the mRNA
asterisk (*) are significantly different (P < 0.05), expression values of GLAST, GLT-1, SNAT3 and ASCT2
(**) are significantly different (P < 0.01) compared to 36.99, 39.44, 42.48 and 50.00% of control, respectively
to control values. (Figure  3-6).  In  contrast,  comparing  with  MeHg  alone

the SON50 extract was the best dose reduced the
intracellular ROS production compared SO or SON25 or
SON 125 (Fig. 2).

Effect of SO Extracts on the Gene Expression Alteration
Induced by MeHg: GLAST, GLT-1, SNAT3 and ASCT2
mRNA expression were semi-quantified by real-time RT-
PCR. In SO extracts groups (SO, SON25, SON50 and
SON125) GLAST, GLT-1, SNAT3 and ASCT2 mRNA



World Appl. Sci. J., 24 (7): 826-837, 2013

832

Fig. 6: The alteration of ASCT2 mRNA in cerebral cortex Fig. 8: Generation of 8-OHdG in the cerebral cortex
after MeHg exposure and/or SO extracts. Data are genome following MeHg and/or SO extracts
presented as mean ± SEM. Values marked with an exposure. DNA damage was expressed as the ratio
asterisk (*) are significantly different (P < 0.05), of oxidized DNA base (8-OHdG) to nonoxidized
(**) are significantly different (P < 0.01) compared base (2-dG) in cortex DNA.Data are presented as
to control values. mean ± SEM. Values marked with an asterisk (*)

Fig. 7: Rate of DNA fragmentation in cerebral cortex after 8-OHdG Generation Induced by MeHg: Assessment of
MeHg exposure and/or SO extracts. Data are DNA fragmentation and 8-OHdG generation in cortex
presented as mean ± SEM. Values marked with an tissues of male rats' genome following MeHg and/or SO
asterisk (*) are significantly different (P < 0.05), extracts treatment as a surrogate for oxidative stress
(**) are significantly different (P < 0.01) compared induced damage is summarized in Figures 7 and 8,
to control values. respectively.

group,  expression  values  of  GLAST  gene  increased fragmentation and 8-OHdG/2-dG ratio following SO (125
2.06,  1.75,  2.36 and 2.22-fold in SO+MeHg, mg/kg bw) and SON (25, 50 and 125 mg/kg bw) extracts
SON25+MeHg, SON50+MeHg and SON125+MeHg treatment were relatively similar to that of the control
groups, respectively (Fig. 3). In the same trend, expression group.
values of GLT-1 gene increased 2.21, 1.75, 2.36 and 2.27- However, the DNA fragmentation and the ratio of 8-
fold in SO+MeHg, SON25+MeHg, SON50+MeHg and OHdG/2- dG generation increased to 3.32 and 4.16-fold
SON125+MeHg groups, respectively (Fig. 4). In addition, following MeHg treatment in comparison to that of the
expression values of SNAT3 mRNA increased 1.56, 1.50, control group (Fig. 7 and 8). 
2.13 and 1.96-fold in SO+MeHg, SON25+MeHg, In  contrary,  the  DNA fragmentation  and  the ratio
SON50+MeHg and SON125+MeHg groups, respectively of 8-OHdG/2- dG generation decreased significantly
(Fig. 5). Also, expression values of ASCT2 mRNA following SO+MeHg, SON25+MeHg, SON50+MeHg and
increased 1.43, 1.31, 1.88 and 1.80-fold in SO+MeHg, SON125+MeHg  groups   compared  with MeHg alone
SON25+MeHg,   SON50+MeHg   and   SON125+MeHg (Fig. 7 and  8).  Moreover, the lowest DNA fragmentation

are significantly different (P<0.05), (**) are
significantly different (P< 0.01) compared to
control values.

groups,   respectively  (Fig.  6).  So,  these   results
revealed  that  the  best  extract  in   reducing   the
negative effect of MeHg on the expression changes is
SON50.

Effects  of  SO  Extracts  on  DNA Fragmentation   and

The   results   showed   that   the   DNA
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Table 2: The amount of glutathione peroxidase activity in rats exposed to
MeHg and/or SO extracts 

Glutathione peroxidase activity
Treatment (U/mg tissues/min)
Control 5.8±0.04
MeHg 2.2±0.04**

SO 5.3±0.04
SON25 5.1±0.03
SON50 6.3±0.06
SON125 5.9±0.03
SO+MeHg 3.9±0.02
SON25+MeHg 2.6±0.12*

SON50+MeHg 4.7±0.11
SON125+MeHg 4.2±0.12
Data are presented as mean ± SEM. Values marked with an asterisk (*) are
significantly different (P < 0.05), (**) are significantly different (P < 0.01).

and the ratio of 8-OHdG/2- dG generation were observed
by SON50+MeHg treatment. 

Effects of SO Extracts on GPx Levels after MeHg
Exposure: Table 2 shows the suppression effect of SO
extracts on MeHg-induced alteration in the antioxidant
enzyme. Comparing with the control group, GPx activity
levels were relatively similar with SO (125 mg/kg bw) and
SON (25, 50 and 125 mg/kg bw) extracts treatments.
However, the activity level of GPx decreased significantly
compared with control group. When compared with the
MeHg alone group, GPx concentration elevated 1.77, 1.18,
2.14 and 1.91-fold significantly in SO+MeHg,
SON25+MeHg, SON50+MeHg and SON125+MeHg
groups, respectively (Table 2). 

DISCUSSION

The present study was aimed to investigate the
relative anti-neurotoxic efficacy of SO nanoparticles
(SON)  in  regard  to  the  reference   non-nanoparticle
form of  SO  (SO  alone) as protective agents against
MeHg induced neurotoxicity in male rats. The current
work  indicated  that  SON  was   more   effective to
inhibit the neurotoxicity  of  MeHg  than  the  non-
nanoparticles  of SO. To  our  knowledge,  this  is  the
first  study  to investigate the protective effect of SO
nanoparticles against MeHg-induced neurotoxicity in
male rats.

The results of the current study found that MeHg
aggravated apoptosis rates significantly. The results of
apoptosis due to MeHg treatment was similar with the
Fujimura et al. [41], who reported that treatment of mice
with MeHg for 8 weeks caused increase in the apoptosis
rate in the cerebral cortex as well as neuropathological

changes, such as neurons loss, astrocytes and
microglia/macrophages proliferation and necrosis and
apoptosis in the cerebral cortex. 

To Understand the mechanisms of MeHg-induced
apoptosis in cerebral cortex, we observed increase in the
ROS production, DNA fragmentation and 8-OHdG levels
as well as decrease in the of GPx activity. The results
suggested that MeHg caused excessive ROS production
was the killer to the normal histological structures and
function of cerebral cortex by promoting lipid
peroxidation, protein modification and DNA strand
breaks. These findings are in agreement with results of the
in vivo study of Carvalho et al. [42], who found similar
results in cerebral cortex of mice. 

The available data of MeHg-induced oxidative stress
mechanisms focused on the mitochondrial dysfunction,
calcium overloading and alteration of nuclear factor
erythroid-derived 2-like 2 (Nrf2) protein [43,44]. The
present study interested in endogenous glutathione in the
form of the GPx activity that is one of most abundant and
essential thiol tripeptides present in mammalian cells for
scavenging ROS. It is also the electron donor for the
reduction of peroxides by GPx [45]. We have found an
obvious decrease of GPx levels in cerebral cortex after
MeHg treatment. We suggest that MeHg could be able to
interact with GSH and lead to the formation of GS-HgCH
complex. This interaction decreases the levels of GSH and
the oxidized glutathione ratio (GSH/GSSG), which
contributes to the occurrence of oxidative stress and
cerebral cortex injury [11]. 

Within the family of excitatory amino acid
transporters (EAATs), the glutamate transporters,
GLAST, GLT-1, SNAT3 and ASCT2, are the primary
players in mediating glutamate uptake into astrocytes in
the mammalian CNS [11, 46]. Therefore, it was
hypothesized that GLAST, GLT-1, SNAT3 and ASCT2
acted an important role in maintaining GSH in the CNS. In
the current work, we found that the mRNA expression of
these the glutamate transporters were decreased
obviously in MeHg alone group. Up to now, there were
only  a  few  studies  in  vivo  focusing  on  this   point.
The similar findings of GLT-1 protein were shown by
Mutkus et al. [47] and Deng et al. [11]. They found that
GLT-1 protein levels and the glutamate transporters
expression decreased obviously following MeHg
exposure.

There is increasing evidence that a plethora of plant
components such as vitamins, flavonoids, terpenoids,
polyphenolics, carotenoids, catechins and plant steroids
can act as inhibitors of toxicity especially Salvia
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officinalis [22,23,25,26,48]. It is known that antioxidant capacity of the extract, also revealed that S.
chemoprotective agents are capable of exerting their officinalis extract may contain powerful inhibitor
antigenotoxic effects by a single mechanism or a compounds that might act as primary antioxidants and
combination  of  mechanisms.  These   mechanisms react with free radicals.
include  the scavenging of ROS, the inhibiting of In conclusion: SO nanoparticles is effective against
formation of reactive carcinogenic metabolites, the
inducing of carcinogen-detoxifying enzymes and the
influencing of apoptosis and inhibiting of cell proliferation
[49,50].

The preset study found that the neurotoxic stress of
MeHg was markedly inhibited with SO extracts especially
with SO nanoparticles. Treatment of male rats with
SON50+MeHg decreased significantly the apoptosis rate,
ROS production, DNA fragmentation and 8-OHdG levels
as well as increased the expression of GLAST, GLT-1,
SNAT3, ASCT2 mRNA and GPx activity in the cerebral
cortex.

Several reports indicated that the compounds
responsible  for  antioxidative  activity  of  S.  officinalis
are mainly phenolic acids and flavonoids, namely
rosmarinic acid, caffeic acid, carnosol and carnosic acid
[18,51].  Through  their  free  radical  scavenging capacity,
S. officinalis and its phenolic compounds have been
shown to have protective effects against oxidative stress
[52].

The pharmacological properties of S. officinalis
extract, which are mostly described as antioxidants, might
explain the way in which it protects the cerebral cortex
tissues against apoptosis, ROS production, DNA
fragmentation and 8-OHdG levels as well as alteration in
the expression of GLAST, GLT-1, SNAT3 and ASCT2
mRNA and GPx activity induced by MeHg.

It was reported that essential oil of S. officinalis L.
and S. officinalis (sage) in the form of tea infusion did not
show any mutagenic effect and showed antimutagenic
effect against UV-induced mutations in Escherichia coli
and Saccharomyces cerevisiae in the
Salmonella/microsome mutagenicity assay Ames test [27]
and in the wing spot test of Drosophila melanogaster,
respectively [53]. The latter authors concluded that
antioxidant activity and suppression of metabolic
activation could be mechanisms through which sage or
some of its components act as desmutagens [53]. In
current study, the inhibition of apoptosis, ROS
production, DNA fragmentation and 8-OHdG levels by the
extract suggests that the anti-neurotoxicity potential of
the extract is mostly probably due to antioxidant and
anticarcinogenic activity related to the high antioxidant
capacity of the extract. The results of the current in vivo
antioxidant studies, as evidenced by measuring the

neurotoxicity induced by MeHg in comparison to non-
nanoparticles of SO. Hopefully, in the near future further
research in this direction can pave the way for the
discovery of newer drugs, more precise and organ/tissue-
specific in nature, from the plant kingdom, by utilizing
nanotechnology.
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